During the past few years we have been engaged in a clinical and experimental study of the pathogenesis of the Jarisch-Herxheimer reaction in syphilis. The results of this investigation have been published in a series of papers (Sheldon and Heyman, 1949; Evans, 1951a, b, 1952). The present report summarizes our observations and presents our concepts of the pathogenesis of the Herxheimer reaction in syphilis, as well as in other infections. We shall use this opportunity to speculate upon the significance of the reaction as a manifestation of a hypersensitivity phenomenon.
During the past few years we have been engaged in a clinical and experimental study of the pathogenesis of the Jarisch-Herxheimer reaction in syphilis. The results of this investigation have been published in a series of papers (Sheldon and Heyman, 1949; Evans, 1951a, b, 1952) . The present report summarizes our observations and presents our concepts of the pathogenesis of the Herxheimer reaction in syphilis, as well as in other infections. We shall use this opportunity to speculate upon the significance of the reaction as a manifestation of a hypersensitivity phenomenon.
The Herxheimer reaction has long been known to be a common occurrence in the treatment of syphilis, but its pathogenesis has evoked little interest. The reaction is generally attributed to the release of endotoxins or spirochaetal breakdown substances following the initial administration of spirochaeticidal agents. These substances are thought to produce systemic manifestations, such as fever, chills, and malaise, as well as an exacerbation of syphilitic lesions. The results of our studies seem to indicate that the Herxheimer reaction is a hypersensitivity phenomenon of the delayed type similar to the focal hypersensitivity type of tuberculin reaction.
Occurrence of Herxheimer-like Reactions in Various Diseases
Herxheimer reactions occur not only in syphilis, but also in other spirochaetal infections, such as yaws (Dwindelle and others, 1946 ), Vincent's infection (Williams, 1941) , and relapsing fever (Wolff, 1946) . Recent reports indicate that the reaction may also appear in leptospiral diseases (Suchett-Kaye, 1951) . It has been frequently observed in rat-bite fever caused by Spirillum minus (Brown and Nunemaker, 1942) . The recognition of Herxheimer reactions in this group of infections can probably be attributed to the use of organic arsenicals, which were the first effective chemotherapeutic compounds. The development of new chemotherapeutic agents and antibiotics, however, has led to the recognition of Herxheimer reactions in a variety of other infections. The methods currently employed in the treatment of brucellosis frequently produce intensification of signs and symptoms of the disease with transient episodes of chills and fever. These reactions occur in 25 to 50 per cent. of patients with brucellosis and follow the use of aureomycin, chloramphenicol, terramycin, or combined sulphonamide-streptomycin therapy (Knight, 1950) . The appearance of the reaction within a few hours after therapy suggests that the reaction is probably caused by destruction of the causative organism. Similar Herxheimer-like reactions have been described in patients with glanders (Womack and Wells, 1949) and tularaemia (Foshay, 1947) treated with streptomycin. Mention has also been made recently of an exacerbation of symptoms in leprosy treated with diasone (Faget and Erickson, 1948) , and in anthrax treated with aureomycin (Gold, 1950) .
The Herxheimer reaction in syphilis is thought to be similar in many respects to the systemic type of tuberculin reaction, but there has been, to our knowledge, no evidence that patients with tuberculosis treated with either streptomycin or paraaminosalicylic acid show an intensification of signs or symptoms similar to the Herxheimer reaction. We . The actual incidence, however, depends on the criteria determining the presence of the phenomenon, the therapeutic agent used, and, perhaps, the type and severity of the syphilitic lesions. The reaction usually consists of a single episode appearing within the first few hours of the institution of therapy. Multiple reactions have been observed, however, in patients given initially small but subsequently increasing doses of arsenicals or penicillin. Evidence of Herxheimer reactions in cutaneous and mucosal lesions may be observed for several days in patients receiving repository preparations of penicillin.
The possibility that the Herxheimer reaction might be the result of a release of histamine or similar substances suggested to us the use of antihistaminic compounds, together with penicillin. The reaction occurred in patients with early syphilis receiving either pyribenzamine or benadryl as often as in patients receiving antisyphilitic therapy alone (Stewart, 1949; Heyman and Sheldon, 1948) . Attempts to find histamine-like substances in the serum of patients during the Herxheimer reaction gave negative results (Morrison, Heyman, and Sheldon, 1948) .
Neurosyphilis.-The use of penicillin in the treatment of neurosyphilis produced more frequent and severe Herxheimer reactions than were observed following arsenical therapy. The frequency of the reaction in patients with symptomatic neurosyphilis treated with penicillin in this clinic is shown in the Table. These patients were afebrile at the beginning of therapy and received penicillin alone (Hoekenga and Farmer, 1948 (Scott, Maxwell, and Skinner, 1949) , and in another with syphilitic pachymeningitis (Shaffer and Shenkin, 1950) . Histological study of the nervous system of these patients revealed changes in the syphilitic lesions resembling those occurring in early syphilis during the Herxheimer reaction. We had an opportunity of examining histological preparations of the gumma mentioned above.* The lesion showed marked congestion, acute inflammation, and oedema, findings usually absent in patients with uncomplicated gummatous lesions. There is little doubt that the Herxheimer reaction was an important factor in the death of these patients.
The changes in cerebral circulation and metabolism caused by the Herxheimer reaction were studied in a few patients with neurosyphilis (Heyman, Patterson, Nichols, and Jones, 1951) . This investigation was carried out with the use of the nitrous oxide technique in six patients with paresis and in one with meningovascular syphilis. Only as light increase in the mean cerebral blood flow of these patients was observed. Two of the patients with clinical evidence of a Herxheimer reaction showed a fall in cerebral metabolism. We are not certain of the significance of these findings because of the small number of patients studied. The expected increase in the cerebral circulation may have been prevented by the marked oedema of the tissues which appears during the Herxheimer reaction.
BRITISH JOURNAL OF VENEREAL DISEASES Cardiovascular Syphilis.-The danger of a serious Herxheimer reaction in cardiovascular syphilis after penicillin therapy is thought to have been greatly exaggerated and is now believed to be of little significance (Moore, 1949; Sinclaire and Webster, 1951) . Detailed information regarding the frequency of febrile Herxheimer reactions in patients with cardiovascular syphilis and co-existent nervous system involvement is given in several reports (Tucker and Farmer, 1947; Sinclaire and Webster, 1951 ; Wheeler and Curtis, 1951 ; Coale, Allen, and Delp, 1950 (Scott, Maxwell, and Skinner, 1949; Dolkart and Schwemlein, 1945; Porter, 1948; Callaway and others, 1946) (Fig. la) .
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Despite the lack of a well-authenticated instance of a serious Herxheimer reaction in cardiovascular syphilis, we believe that such reactions are possible. This opinion is based upon the study of a patient in this hospital with gummatous aortitis who died a few hours after an initial administration of penicillin (Whorton and Denham, 1951) . At autopsy, the aortic lesions showed the acute inflammatory changes associated with the Herxheimer reaction. The death of this patient was not directly related to cardiovascular syphilis and was probably caused by pulmonary embolism. Gummatous aortitis is relatively uncommon and constitutes less than 3 per cent. of patients with syphilitic aortitis (Gordon, Parker, and Weiss, 1942 (Sheldon and Heyman, 1949) . At the beginning of each experiment, lesions similar in size and appearance were selected and one was excised before the initiation of specific therapy. The other lesions were removed at varying intervals after therapy. Histological changes consisting of transient acute inflammation were observed in the syphilitic lesions 4 to 6 hours after the beginning of treatment. At first, the capillaries and small blood vessels (chiefly veins) became congested. They later became crowded with neutrophilic polymorphonuclear leucocytes, the vascular endothelium swelled, and the leucocytes migrated through the vessel wall into the surrounding tissues which were oedematous. The acute process subsided after 14 to 18 hours, at which time the oedema disappeared and large mononuclear cells replaced the polymorphonuclear leucocytes. The changes were no longer present 72 hours after initiation of therapy (Figs 1 and 2 (Sheldon, Heyman, and Evans, 1951a (Fig. 4) Lysing and immobilizing antibodies against S. minus are known to be present in the serum of animals infected with this organism (McDermott, 1928) . We found that dilutions of serum (1: 4 or less) of rabbits infected with S. minus were capable of rapidly immobilizing and lysing this organism. A single large dose (70 ml.) of serum pooled from rabbits with untreated S. minus infection was injected intravenously into rabbits with skin lesions of this disease. The skin lesions excised from the recipient animals following injection of immune serum showed histological changes similar to those observed after administration of penicillin. The lesions of rabbits receiving an equal amount of serum pooled from uninfected animals showed no discernible changes (Fig. 5, previous page) .
These observations led us to investigate the effects of administration of syphilitic immune serum in rabbits with experimental syphilitic infection (Sheldon, Heyman, and Evans, 1951b) . Serum from rabbits with untreated syphilis of 8 to 10 weeks duration is known to contain immobilizing antibodies for T. pallidum (Nelson and Mayer, 1949) . Immune serum (70 ml.) pooled from infected animals was injected intravenously into each of six rabbits with skin syphilomata. Individual syphilomata were excised from the recipient animals before and at 2-hour intervals following injection of the serum. The lesions of 5 of the 6 animals showed histological evidence of a transient acute inflammation similar to that observed in Herxheimer reactions produced by penicillin (Fig. 6) . The skin lesions of an equal number of control rabbits, receiving serum pooled from uninfected rabbits, showed no changes (Fig.  7, opposite) . The serum used was bacteriologically sterile and care was taken to avoid contamination by pyrogenic substances.
These experiments suggested that the Herxheimer reaction might be a hypersensitivity phenomenon in which the hosts' tissues reacted with substances released by destruction of T. pallidum. The effect of ACTH on the Herxheimer reaction was then studied (Sheldon and others, 1952) , as it was then thought to inhibit or suppress the delayed type of hypersensitivity reaction (Long and Favour, 1950) . ACTH (in daily doses of 5 mg./kg.) was given intramuscularly to rabbits with skin syphilomata. Lesions excised on the third day of administration of ACTH were compared with those removed before the onset of hormone therapy. A marked decrease in the intensity of the inflammatory and reparative processes was evident following the administration of ACTH. The group.bmj.com on November 6, 2017 -Published by http://sti.bmj.com/ Downloaded from less extensive. There was no decrease in the number of large mononuclear cells. New formation of fibroblasts and capillaries was diminished, and the central oedematous core of the lesions had largely disappeared. The animals were then given penicillin therapy and other lesions were excised at regular intervals, while ACTH therapy was continued. Histological changes of the Herxheimer reaction were readily visible in these lesions and resembled in every respect the changes developing after penicillin alone (Fig. 8, overleaf) . Clearly ACTH does not inhibit the development of the morphological changes of the Herxheimer reaction. Discussion Definite histological changes have been observed in the syphilitic lesions of both patients and experimental animals during the Jarisch-Herxheimer reaction. These changes consist of a nonspecific, transient, acute inflammation and are believed to be the morphological basis for the clinical manifestations of the Herxheimer reaction. The histological picture and the time of appearance of the reaction resemble those occurring in tuberculous lesions following the introduction of large amounts of tuberculoprotein in hypersensitive individuals (Rich, 1944) . In experimental syphilis, however, the reaction could not be produced by the administration of spirochaetal antigens.
At present, it appears that the Herxheimer phenomenon in syphilis can be elicited only when spirochaetes are destroyed by administration of either appropriate antibiotics, chemotherapeutic agents or specific immune serum. Such serum has been shown to contain immobilizing antibodies for T. pallidum (Nelson and Mayer, 1949) , which probably destroy sufficient numbers of treponemata to evoke a Herxheimer reaction. Destruction of the causative organism seems to be an essential factor in the pathogenesis of the reaction. This is further indicated by the demonstration of Herxheimer-like reactions in a variety of nonspirochaetal infections treated with new antibiotic agents.
Destruction of the aetiological agent, however, is not sufficient in itself to explain many of the known factors regarding the Herxheimer phenomenon. If, as Moore, Farmer, and Hoekenga (1948) have pointed out, the reaction were due solely to the release of spirochaetal breakdown substances, its incidence and severity should vary with (1) the number of treponemata present in a given individual at the time of treatment, and (2) (Sheldon, Cummings, and Evans, 1950; Derbes and others, 1950 The delayed type of hypersensitivity, manifested by a positive skin reaction to specific antigens, exists in such virus and fungus infections as lymphogranuloma venereum, mumps, coccidioidomycosis, and histoplasmosis. We believe that, as new chemotherapeutic agents are developed for these disorders, Herxheimer reactions will no longer be confined to the spirochaetal diseases, but will be encountered in a variety of infections.
The prevention of the Herxheimer reaction in neurosyphilis is of practical importance. It has been shown that the use of small doses of either penicillin or arsenicals in initiating therapy will not prevent the reaction. Although initial treatment with bismuth over a period of several weeks may prevent a Herxheimer reaction in early syphilis, there is no evidence that such treatment is effective in neurosyphilis. In fact, Sinclaire and Webster (1951) have reported that the use of heavy metals up until the time of penicillin therapy did not prevent Herxheimer reactions in five patients having both cardiovascular and neurosyphilis. Fever therapy has been suggested as a means of preventing the Herxheimer reaction in patients with paresis. This may not be practical, however, since fever therapy itself often produces untoward complications and is thought by many workers to be unnecessary in the treatment of neurosyphilis. It must be concluded that at present there is no practical nmethod for preventing the Herxheimer reaction in patients with neurosyphilis. Summary Clinical and experimental observations on the pathogenesis of the Jarisch-Herxheimer reaction are reviewed. Available evidence indicates that the Herxheimer reaction should be regarded as a hypersensitivity phenomenon of the delayed type.
